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abs»tract 

A study investigated at ^hat point during eye 
fixations vfsual information is used in furthering the reading . 
biocess .The study identified two .aspects of information processing: 
registration, in which a light pattern on the "^^tina -triggers a 
pattern of neural activity in the visula cortex; and utilization, in 
which the registered pattern has an effect on the reading 
cSipreJens!on pJpcess! Specifically,, the s^udy^J^^ht to determine 
when this utilization of information occurs. Sixteen college students 
SaS shirt texts from a cathode ray tube (CRT) as their eye movements 
were monitored. During selected fixations, the text was briefly 
masked and reappeared with- one wprd changed. Subjects were often 
unaware JhaJ Jhe word had changed. Sometimes they "PO-^^^^^^^^^^So ^S' 
first word, sometimes the second, sometimes both. When only word 
was reported, two factors were found to determine which it was: the 
lenqth of tim# it was present during the fixation^and the 
oJedictabiiity of a word in its context. Th6 results suggested that 

t^eoimation is used for reading at a crucial period during the 
fixation, and that this period can occur at different times on 
luterelt fixations, terSed the Variable Utilization Time Princ^ 
The pattern of responses also indicated that the first letter of a 
wo?d was not utilised before other letters and that letters were not 
scanned left to right during a fixation. (Author/FL) 
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Information Utilization During Fixations 
Abstract 

College students read short teJtts from a CRT as their eye movements were being 
monitored. Buring selected fixations, the text was briefly masked and 
reappeared with one word changed. Subjects often were unaware that the word 
had changed. Sometimes they reported seeing the first presented word, 
sometimes the second presented word, and sometimes both. When only one word 
was reported, two factoids were found to determine which one it was: the length 
of time a word was present during the fixation and the predictability of a 
word in its context. The results suggested that visual infwmation is 
utilized for reading at a crucial period during the fixation, and that this 
crucial period can occur at different times on different fixations, which is 
referred to as the Variable Otilizatioi»-^me Principle. The pattern of 
responses also indicated that the first letter of a word is not utilized ^ 
before other letters and that letters are not scanned from left to right . 
during a f ixation.\ c. 
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The Time Course of Visual Information Utilization 
^During Fixations in Reading 

It is well established that the perception of letters, and .words during 
reading takes place entirely during fixations (Wolverton, 1979). *The questftjn 
this study deals with is when during a fixatioi\^is visual information put to 
use in furthering the reading process. First, it is necessary to distinguish 
between the registration of the visual pattern coming from the retina on a , 
given fixation and the utilization of the inforftat'ion provided by that pattern 
(McConkie, 1983). A light pattern on the retina automatically induces, a 
pattern of neural activity in the visual cortex. This will be called the 
rftgiahpation of the stimulus. Sometime later, the registered pattern ha? an- 
effect on the ongoing reading comprehension process. This will' be called the 
- utilizatlan of information. The question of interest, then, is when this 
utilization of text information occurs. This question can be sepkrated into, 
two different issues. First, does the utilization of visual Information take 
place for the entire time the eye is in fixation, or la there a certain 
crucial period within the fixation during which this, utilization occurs? This 
will be called the pftplod it utilization question. Second, is utilization of 
all the information during a fixation accomplished at the same time? That is, 
is different information utilized at different times durilig the fixation? 
Thls= is essentially a question of serial versus parallel processing. It will 
be referred to as the jnanOfiC oL utilization question. 

■> 

One answer to the period of utilization question will be referred to, as 
the erucial periodo hvpothesia . According to this hypothesis, there is a 

f 
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certain interval, or crucial period, within the time period of the fixation 
during which the available information makes its impact on the reading 
process. The remainder of the processing then occurs without reference to the 
visually provided information. If thiere is a crucial period, it may 
consistently occupy a certain part of the fixation or it may vary from 
fixation to fixation. Cough's (1972) model of reading, for Instance, posits, a 
fixed crucial period. The visual- pattern is registered in the form of an 
icon, -formed at the very beginning of a fixation, and the Information is then 
utilized through a read-out of letters from the icon, which occurs for the 
remainder of the fixation. Rayner, Inhoff, Morrison, Slowlaczek, and.Bertera 
( 1981 ) We also argued for a fixed crucial period *y showing that people can 
read if visual information is available for only the first 50 msec of each 
fixation. «hey masked the text with foveal or full-line masks at different 
times following the beginning of each fixation, ranging from 0-150 msec. And 
found that the detrimental effects of masking on reading reached asymptote by 
50 msec. Rayner et al.'s results Indicate that it is possible to acquire all 
the new visual Information necessary to continue reading within the first 50 
msec of each fixation, but this does not necessarily Indicate that visual 
information la utilized only during the first 50 msec when readers are not 
forced to do so. 

. The other logical possibility, not proposed in the literature, is that 
there may be. a variable crucial period. That is, the crucial period during 
which utilization occurs may vary from fixation to 'fixation. There may be an 
interval during which visual Information is utilized, but it may occur at 
different times in different fixations. This would occur, for Instance, if 
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N. readers use visual infx)rmation only when they are ready to identify the next 
word, regardless of whether this is at the- beginning of a fixation or later in 
it. 

The alternative to ihe crjicial period hypothesis is that all visual 
information influences the reading process throughout the entire fixation, 
from beginning to end. Data relevant to this position comes from a series of 
experiments conducted by Wolverton (Wolverton, 1979, Wolver^ri & Zola,, 1983). 
* While subjects read connected text, the lines of ,text were replaced for a 30 
^ msec period with either a blank line, a mask of^X's,'a line of dissimilar 
text; or a line with visually similar letters. When the replacement occurred 
during fixations, at 0, 30, 100, or 200 msec after the fixation began, a 
significant increase in fixation duration 13ccurred. This indicate? that the 
visual system is sensitive to the stimulus pattern throughout the fixation. 
It does not, however, Indic^^e when this information i;** obtained and used in 
reading. ^ 

The conclusion from the Rayner et al. (1981) and Wolverton (1979? 
Wolverton & Zola, 1983) studies seems to be that sufficient visual information 
to maintain reading can be registered within the first 50 msi>c cf a fixation, 
but the- reader is capable of noticing irrformation at any point dilring the ^ 
fixation. The present study attempted to determine the period during which 
i/iformation is typically put to use during fixations as people read, without 

using a technique which forces this use to occur at a particular time. , 

■» 

With regard to the manner of utilization several hypotheses have been 
advanced in the literature. A variety of theorists have proposed that letters 
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are*acquired sequentially, from left-to- right, in sensory input (Geyer, 1970) 
or from a fading postexpo sural trace (Anderson & Crosland, 1933; Harcum, 1967; 
Heron, 1957) or icon (Estes & Taylor, 1964; Gough, 1972; Mewhort, Merikle,.4 
Bryden, 1969; Neisser, 1967; Sperling, 1963, 1967). Recent evidence (Mewhort, 

c 

1974; Mewhort 4 Beal, 1977) has lead some current theorists to propose that 
this scanning mechanism deals with syllables rather than letters (Adams, 1981; 
Mewhort 4 Campbell 1981). McConkie (1979) suggests that the region from which 
' information is acquired shifts from left to right within a fixation in 
reading. Another hypothesis has been that initial letters of words are 
^ processed before other letters. For example. Brown (1970) suggested that 

there is a "noticing order" for different aspects of the stimulus within a 
, fixation, beginning with word lengths and initial and final letters. Finally, 
several investigators have claimed, that all information is acquired 
simultaneously (Estes, 1972; Johnson, 1.975; Sperling, 1970). 

' The cgprent study is an initial atte*t)t to answer the period of 
utilization and manner of utilization questions. The basic experimental 
manipulation was to change the information present in the text at different 
times during a fixation, in a way that preserves the continuity of the text, 
and then observe what subjects report having read. To do this, pairs of five 
letter words were identified which differed in only a single letter, e.g. 
tombs and bombs . Texts were written into which either one of these words 

would fit appropriately, e.g. iha underKround cavgrna Mara. JDSftolL imaa 
hidden f tombs r bombs ) , iiifia ibft nnn>.hriiotiQn jia£ gtopped beosuae sL lafik aL 

funds . The result is actually two texts which differ by a single letter. 
Subjects read these texts from a cathode ray tube (CRT) while their eye 
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movements were being monitored. As they read, the single letter was switched 
to its alternative partway during certain fixations, e.g. the letter i in 
tombs was changed to a it, making the word lifiDba.* Changing this singj^e letter 
consequently changes the word and the meaning of the text. As the subjects 
read, one version of the text was present on the CRT during the early part of 
each fixation, and the other version during the latter part of each fixation. 
If subjects in this situation always see both words, this would indicate that 
utilization of visual information occurs continuously throughout the fixation, 
not just during a crucial period. If subjects frequently see only one oi the 
words, this would suggest the presence of a crucial period. In this latter' 
case, subjects may show consistency in reporting the first or second word 
presented during the fixation, or may show variability in which word they 
report. Consistent r^orting would serve as evidence for a fixed crucial' 
period, while variability in which word is seen would suggest a variable 
crucial period. 

Pilot studies indicated that subjects typically saw the letter change 
While they were reading. However, this does not necessarily mean that 
information is normally acquired and used for reading during trie entire 
fixation. Since the change occurred during a fixation, when the visual system 
is very sensitive to detecting movement, it is likely that^he apparent 
movement occurring as the letters changed wks catching the subject's 
attention. To help eliminate the attention catching effects of this apparent 
movement, a general disruption of the line of text was produced by briefly 
replacing it with a mask of capital X's' while the letters were. switched. The 
mask caused apparent movement at jail letter positions in the line of text, so 
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that attention could not be attracted to a single letter position, i.e. the 

position at which the ch?uige was mide. It was, assumed that under these 

conditions, the changing letter wouldftot be detected on the basis of 

localized movement. Rather, such detection would- indicate either^ sensing of a 

• r ^ '. ■ - 

'difference in the stimulus pattern present early versus later in the f^jtation, 

or sensing the change in the word or its meaning. In either case, this would 

suggest the use of the visual information both before and following the mask. 

Since the mask should have effects in addition to the effects o» the switching 

letter manipulation, two control conditions were used: one with maskipg and no 

letter change and 6ne .with- no display changes at all. Pilot studies indicated 

that the shortest mask duration which would be effective was 30 msec. 

In regards to the period of utilization, the prediction of the crucial*^ 
period hypothesis is clear: if information is only utilized during a fixed 
interval, then subjects should consistently report seeing the first or the 
second word which was presented during a fixation,- depending on whether th^ 
crucial period occurs early or late in the 'fixation. If ther6 is a variable 
crucial period, then subjects should sometimes report seeing the first and 
sometimes the second word which was presented. 

• • • 

To investigate the manner of utilization question two other n^nipulations 
were added. First, the time of the display change was varied by using three 
.mask onset- time* conditions. The onset, of the mask could occur 50, 80, or 120 
msec after the onset of fixation, making, the onset of the alternative text 80, 
110, or 150 msec after fixation onset. Second,, the letter which was switching 
could occur in the, first letter position of the word, 6.g. Jiaadk versus 
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heads . > or in the fourth letter position, e.g. ahakv versus^ahadl. " Ift this, 
situation, the left-to-right aerial utilization hjr^othesis makes two , ^ 

predictions. , Firsts ther6 ^shguld «^ ^ tjrend 'in which word is report'fed^ ^bross 
* the three mask onset times, mask onset time increases, the first word 
should be reported ivre often'arid^ the Seconal word should be reportjsfi' l^as 
often. .That is, the longer the time the first werd* is present, "the more 
'likely it is that the sequential .scan would reach' the^'critixiiil lettet*^ du^^ • 
that period. -Similarly, the longer^the time the second Word Jis pR.esent, the . 
more likely it is that the sc* wouldi r.each thkt letter position /durinfr^hat 
period-. Sebond, the likelihood of reporting the first or secohd pneajented 

• ' - ' IK * , 

word should be different when the fixation on which the worx^w'^s identified ig 
- - ' to the left of the switching letter as compared to when .lt is to-'the' right ojf^ 
the switching letter. When the fixation is to the right, /the switching leii€er 
is on the left dide of the visual field, where the scan 1? believed. tp begin, ■ 
so the scan should, more often reach the . swl^tchihg letter w^ile, the. first wor'd. • , 
is present Conversely, when the fixation is^ to the left, the switching 
letter is to the fight, and will be reached later in th*- fixation, -inaking it , ^ 
more likely that the second word will be reported. In other worda, a dynamic^ 
trend in reporting the first or second word sheiild appear acroes the jpositlon ^ 
^ . of the fixation relative to the switching letter. - Y 



If the initial letters of words are utilized before other ietf6rs, then a 
different prediction is made. At any mask onset , time^ the'^ first word should 
be more likely to be reported if, the critical letter is the- initial letter of 
the word than if it is the fourth letter'. The initial-letters-first 
hypo theais' also predicts that whether the first or second yard is reported 
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should, not be related to the position of the fixation relative td the 
switching letter. It might be noted that if left- to-right scanning is assumed 
to take place on word units, then this differential trend. between words 
switching in the first and fcftrth^letters Is als§ expected by this hypothesis,' 

r The simultaneous utilization hypothesis predicts an absence of all 6f the 

■» t. 
above tr^ds"" f on single word reporting, 

' \/ ' ' Methods 
Sub lects - , ^ 

Sixteen. Oniversity of Illinois undergraduates served as subjecjis. They 
all had noxmal, uncorrected visibrv, Vere native speakers of English, and were 
paid for their particii>ati'on in the experiment. They had" been selected so as 
not to have certain ocular or^ facial characteristics whic(#iake> eye movement 
monitoring difficult. None of the subjects had previously participated in an 
• eye movement experiment, ^ ; 

Apparatus ^ - , 

The text was displayed 'one line -at a time ^on a Digital ^ipment 
Corporation Model VT-II display uni.t, having a hardware character, generator 
with upper and lower case characters. Display. changes' are made in about 3 
msec without interrupting the refrefsh cycle. Tlie distajuce between the subject 
and the CRT w'as 4 8 'cm. which made one deg^-ee of visual angle equivalent to 1» 
charatjter positions. The subject was supplied with a button which called up 
the next line of text onto the CRT. This allowed subjects to read multi-line 
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passages one line at a time^at their own pace, although it was not possible 
for them to reread a previous line. Eye movements were monitored with a 
Stanford Research Institute Dual Purkinje Imagex Eye tracker. Both the CRT and 
" the eyetracker were interfaced with a Digital Equipment Corporation PDP-11/40 
computer. The computer was programmed to sample eye'position every 
millisecond. 

Materialgt 

Ninety-six pairs of short texts were written which were different in 
meaning but were physically different in only one letter. These texts were 
created by first identifying paits of' five letter Wds which differed in a 
.single letter, half at the first letter position and half at the fourth, and 
then writing a context of one to three sentences in which either member of a 
word pair fit and made sense at the same position in the text. As a result, 
there were two different versions of each text distinguished by a single 
letter in one word. The letter which distinguishes the two texts will be 
referred to as the Qritioal letter and t)ie word containing the critical letter 
will be called the Qritical mQIA* The critical word always appeared at least 
sixteen character positions away from the beginning or end of a line. 

In order to assess whether any member of a word pair fit into its 
corresponding text more appropriately or was more predictable than the other 
alternative, a norming questionnaire was given to 30 subjects, who did not 
participate in the main study. These subjects were given each passage up to 
and including the .critical word, but with a blank in the position of the 
critical letter. Their task was to supply the missing letter. The results 
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were used in later analyses. The texts used in the study along with the 
responses from the norming questionnaire for each text are given inBlanchard, 
McConkie, and Zola (1982). 

Sixteen additional short texts were used for the no-mask control 
condition. These wer,e texts originally constructed for another study to 
contain pairs of five letter words differing in the second OP third letter. 
In the present study, all subjects saw only one of the two alternative 
versions of each of these texts. Likewise, twelve more of these texts were 
used as warm-up texts, and nine others as a practice set. 

In this study, display changes were made during fixations in reading. 
During 6ach fixation, the text was replaced with a mask for 30 msec, after 
which text reappeared for the rest of the fixation. The mask consisted of a 
solid line of upper case 'x»s^the same length as the line it replaced. The 
manipulation divides the fixation into .three periods: a pre-mask, mask, and 
post-mask period. The duration of the pre-mask period was determined by the 
onset of the mask, which was delayed Either 50, 80, or 120 msec after the 
beginning of the fixation. The duration of the post-mask period varied 
depending on the length of time remaining in the fixation.. In the 
experimental condition, when the text reappeared, the critical letter had been 
changed, replacing the first critical word with its alternate. Figure 1 
depicts a sequence of displays which appeared during fixations in the 
experimental condition. At the- beginning of the each saccade, the line of 
text reverted to the original line of text, containing the first alternative 
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word. Thus, one word was always present during the early part of the fixation 
and the other word during the latter part. In the no- switch control condition 
(which will also be referred to as simply the control condition) when the text 
reappeared after the mask the same critical letter was present^. In other 
words, in the experimental condition, the alternate line was present during 
the post-mask period, while in the no-switeii^control condition, the same line 
was present during the pre- and post-mask periods. 



Insert Figure 1 about here 



The computer was programmed to make the letter change in the experimental 
condition only when a fixation fell within the immediate region of the 
critical word. This region was defined by setting three boundaries on each 
line containing a critical word. The firsts the enabling bQUndarVi was always 
12 character positions to the right of the beginning of the line. No letter 
change occurred until the eyes had fixated at least once to the left of this 
boundary. The second, the initiating boundary, was 11 character positions to 
the left of the first letter of the critical word. The first letter change 
occurred during the first fixation to the right of the initiating boundary, 
provided that the eyes had previously fixated left of the enabling boundary. 
These changes continued on each fixation until the subject crossed the 
terminating boundary , which was 11 Character positions to the right of the 
first letter of the critical word. Crossing this boundary terminated the 
letter chimges, and they did not occur again, even if the eyes later returned 
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to the region of the critical word. On all other fixations the mask occurred 
at its scheduled time, but the line of text that came on after it was the same 
as the text present prior to it. 

There were two control conditions and one experimental condition in this 
experiment. The experimental and no-switch control conditions occurred in the 
main group of ninety-six short texts which subjects read following the warm- 
ups. Seventy-two of these texts were in the experimental condition and 
twenty-four were in the no-switch control condition. -Which texts served in 
these conditions was counterbalanced across subjects, as well as which of the 
two alternative words was present at the beginning of each fixation. Each 
mask onset time occurred equally often in these two conditions for each 
subject. After the subjects finished reading the main group of ninety-six 
texts, they were given sixteen additional texts to read. These texts 
constituted the no-mask control condition, in which no experimental 
manipulations occurred: the text was never replaced by the mask and the 
critical letters were never switched. 

Procedure 

A bitebar and headrest were used in order to minimize head movements 
during the reading session. Following the adjustment of tjie eyetracking 
equipment, subjects were given the nine practice texts to read, in order to 
become acquainted with the experimental task. If there were no further 
problems with eyetracker adjustment at this point, the experiment continued 
with the reading of, the main group of ^exts. Subjects read these texts in 
twelve trials of nine texts each, which included a warm-up text placed at the 
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beginning of each trial. A short rest was taken between trials. After 
reading the main group of texts,, subjects read the sixteen np-mask control 
texts in two trials. 

After reading each text, four test words ^appeared on the CRT, one at a 
time. The subjects were instructed to indicate, for each word, whether or not 
it had appeared in the immediately preceding text. They did this by presiding 

^ one of two buttons, one to indicate "no" and the other to indicate "yes." No 
feedback was given as uo- the correctness of the responses. Two of the four 
test words were the two critical words. The other two test words, like the 
two critical words, differed by only a single letter. However, only one of 
these two foil words was actually present in the text. Note that in each test 
set for texts in the experimental condition, three test words had actually 
been in the text and one had not. In the no-switch and no-mask control 
conditions only two of the four test words had been present in the text. The 

\jSrdep of presentation of the test words was randomized across texts. 

Before reading the warm-up texts, the subjects were told about the mask 
and were given instructions on how to respond to the test words. They were 
also told that words would occasionally change. It was emphasized that they 
should respond "yes" to all wwds they actually saw. After reading the warm- 
up texts, subjects were asked if they had seen any words change. After they 
had read the main group of texts in the experimental and no-switch control 
conditions, the subjects- were again asked if they had seen any words change. 
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Results * 

Response s to the Tpst Words 

The principal data consists of the critical word or words subjects ^ 
reported seeing, Thtf term "response" will be used to refer to which critical 
word or words subjects reported seeing on the test presented to than after 
reading each text. That is, a response may consist \of reporting the first 
presented word, the second presented word, both words, or neither word. Of 
the responses in the experimental condition, 65> were reports of only one of 
the criti ^1 words: 29* were reports of the first presei^ted word and 36J were 
reports of the second presented word. All subjects showed this same pattern 
of sometimes reporting the first word and sometimes reporting the second, with 
the first word being indicated by different subjects from 1U to of the 
time and the second word from 19* to 5M of the time. Even though subjects 
were informed of the display change before the experiment, they frequently 
were unaware that a change had taken place. Subjects^' estimates of how often 
they saw changes indicate they were aware of them qnly on a minority of the 
experimental texts. 

That subjects were frequently unaware of a change and that they usually 
reported seeing only one of the critical words suggests a crucial period 
hypothesis. Furthermore, the pattern of results also suggests a variable 
crucial period, since subjects sometimes reported seeing the first word and 
sometimes the second. ' In particular, contrary to. the findings of Rayner et 
al. (1981), the crucial period often occurs after the first 50 msec of a 
fixation. Of the instances where the second word was reported, that word was 
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never present during the first 50. msec. In fact, in 1211 of those cases in 
which the second word was reported, that word was present only in the lasfev^O 
msec or less of.^ the fixation. 

The top of Figure 2 show's the frequencies of reporting the first, second, 
or both words for each mask onset time in t^e experimental condition. These 
frequencies are significantly different (x^2) = 102.58, i-^O) and show a 
trend, viz. the longer the time the first word was present, the more likely it 
was to be reported and the less likely the second word was to be reported. 
This is again consistent with the variable crucial period hypothesis, for the 
longer the first word was present, the greater the likelihood that it would be 
present at the time the information from that word position was utilized in 
reading. 



Insert Figure 2 about here 



To evaluate the accuracy of subjects' responses and the possibility of 
response biases, the pattern of responses in the experimental condition was 
compared to the pattern of responses in the no-switch control condition, where 
only one of the two critical words presented during the test was actually 
present in the text. In the no-switch control condition, subjects accurately 
selected only the critic^- word that was present 7Q% of the time,, only the 
word not present k% of the time, and both words 13* of the time (see "the 
bottom of Figure 2). This indicates that the similarity between the two 
critical words did not yeaCly Impair subjects' ability to choose the word 
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they actually saw. More of the errors are cases where suB jects 'chose both 
words rather than only the incorrect word. , Both words may sometimes have been 
chosen because th^ subject could not go back and change an earlier response.. 
Note also that the frequency of choosing both words is much higher in the 
experimental than in the control condition, suggesting that subjects were 
often choosing both "words in the experimental condition because they saw both 
words/ not because they were uncertain. In general, the accuracy of responses 
in the no-swltch control indicates that the effects in the experimental 
condition are not caused only by errors or response biases. 

Turning now to the manner of utilization question, the results of this 
study do not jllow a complete answer, but some hypotheses can be ruled out. 
First, the trend shown in the top of Figure 2, which is consistent with a 

variable crucial period hypothesis, is also consistent with a left-to-right 

scan or an initial-letter-first order of processing. A lef t-to-rlgET serial 
letter scan hypothesis makes the other prediction that the word present early 
in the fixation should be more frequently reported when the fixation is to the 
right and the word present latifer in the fixation should be more frequently 
reported when the fixation is to the left of the critical letter, as explained 
earlier. There is no evidence of such a pattern in the actual data, shown in 
Figure 3. The probability of reporting a single word, be it the first or 
secoi^d word, is the same whether the fixation is to the left or to the right 
of the critical letter. These results do not support the serial letter scan 
hypothesis. ' 
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they actually saw. More of the errors are cases where subjects chose both 
words rather than only the incorrect word. Both i^ords may sometimes have been 
chosen because th? subject could not go back and change an earlier response. 
Mpte also that the frequency of choosing both words is much higher in the 
experimental than in the control condition, suggesting that subjects were 
often choosing both words in the ^experimental condition because they saw both 
words, not because they were uncertain. In general, the accuracy of responses 
in the no-switch control indicates that the effects in the experimental 
condition are not caused only by errors or response biases. 

Turning now to the manner of utilization question, the results of this 
study do not allow a complete janswer, but some hypotheses can be ruled out. 
First, the trend shown in the top of Figure 2, which is consistent with a 
variable crucial period hypothesis, is also consistent with a left-to-right 
scan or an initial-letter-first order of processing. A left-to-right serial 
letter scan hypothesis makes the other prediction that the word present early 
in the fixation should be more frequently reported when the fixation is to the 
right and the word present later in the fixation should be more frequently 
reported wiien the fixation is to the left of the critical letter, as explained 
earlier. There is no evidence of such a pattern in the actual data, shown in 
Figure 3.' The probability of reporting a single word, be it the first or 
second word, is the same whether the fixation is to the left or to the right 
of the critical letter. These results do not support the serial letter scan 
hypothesis. 
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Insert Figure 3 about here 

The hypothesis that the initial letters of words are utilized earlier 
than other letters predicts that the critical word present during the first 
part of the fixation should be reported more of ten in words having the first 
letter changing than in words having the fourth letter changing. However, the 
data do not show this pattern. The first word was selected alone 25% of the 
time when the first letter was changing and 33* of the time when the fourth 
letter was changing. Likewise, the second word was selected alone 37% of the 
time when the first letter was changing and .35* of the time when the fourth 
letter was changing. So there is very little difference in the pattern of 
single word responses for words having the first or fourth letter changing, 
and the small differences that exist are in tlje direction opposite that 
predicted by this hypothesis. Figure 4 presents the frequency of reporting 
the first, the second, and both words, in each mask onset time in the 
experimental coiidition, for each critical letter position. The patterns of 
res^wnses for the two classes of words are very similar. 



Insert Figure 4 about herd 



These data were analyzed as a three dimensional frequency table. usi»g the 
method of log-linear models (Bishop, Fienberg, & Holland, 1975; Everitt, 
I97t). The three variables in the table wefe mask onset time, .critical letter 
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position and response, where response was classified as first or second word 
chosen; only single word responses were included in this analysis. Tests^ of 
partial association were computed for all the two-factor interactions and the 
three-factor interaction. Two of the three first order interactions Were 
significant, the interaction between mask onset time and response ( (2) s 
105.64, JBL 0) and the interaction between response and critical letter 
position ( (1) = 4.52, £ = .03). There was no significant second order 
interaction between the variables ( X^ (2) = 1.65, Sl = When each of the - 

three possible models which contain the significant interaction terms are 
fitted to the data, the model containing only the mask onset time by response 
term (and all the lower or def terms) was sufficient to explain the observed 
effects (x^ (6) = 7.98). The other two models did not j)rovide a signifioajitly 
improved fit. The differences in observed frequencies can t)e accounted iTor 
strictly on the basis of the effect of the mask onset maniJ)ulation on 
response. This effect is the same for the words having the first letter 
switching as for the words having the fourth letter switching. The data do 
not support the hypothesis that initial letters are processed before other 



letters of a word. 



What net-erp lnea Which Word ia Reported? ^ ' 

Further .analyses were done in an attempt to identify some of the factors 
which determined whether^ subjects reported having seen the first, second, or 
bbth critiqai words. One factor is the length of time a word is present 
during a fixation. As discussed above, the trend shown in the top of Figure 2 
indicates that the. longer the first word is present, the more likely it is to 
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be reported and the less likely the second word is to be repol-ted. A further 
analysis was- done to see if. this same effect can be observed for the duration 
of the second word. Unlike the duration'of the first word, which was fixed by 
the nask onset time, the 'duration of t^e second word varied dep^ding on the 
fixation duration. In order tb determine the length of time the second word 
was present, it is necessary to identify the fixation on which the critical . 
word was identified. McConkie, Zola, Blanchard, and Wolverton (1982) have 
shown that dn cases where a five letter word is fixated only once, that 
fixation is typically the one which provides the visual information for the 
perception of that word. Therefore, instances were selected from the present 
data where there was only a single fixation on the critical word. This 
yielded 500 fixations, which were used to calculate the durations of ,the 
second words. Second word duratigna longer than 330 msec were excluded. The 
remaining durations were .grouped into intel^als of 30 msec each, and the 
probability of reporting , the first, word) the second word, and .both words was 
calculated for fixations in each interval-. Thl« is presented in Figure 5-. It 
is dear' that as the duration ^f the second wprd increases, the likelihood. of 
reporting the second word increases and the likelihood, of reporting the first 
word decreases. The lik«Uhood of reporting both words does not change 
systematically with' the duration of the second word. The point biserial , 
correlation between the. second word durations and reporting the second word 
was .19 (i = .001). The correlation between ttfe second word durations and 
• reportWthe first word was -.25 = .001). aI though the second word was 
present for much longer times than the first word, the likelihood of^reporting 
IJiat word* CQntinued to increase even at very long durations. 
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insert Figure 5 about here 



The precttdtabiiity of the critical word in its textual context, is apother 
factor which determines which ^rd is reported. Predictability was^ 
ascertained through th6 norming questionnaire described earlier. The 

• : * , N I, 

percentage of questionnaire subjects who guessed each word Trom its preceding^ 
context plus all the' letters except the critical letter was used as a measure 
of \he predictabilitty of that word. The pre<y.ctability of a word was . 
significantly correlated with the percentage of responses where the word was 
chosen alone (r s »43, i < .01). There was also a significant correlation 
between, predictability and the percentage of response* Where the word was 
ciJbsen alone given that tlje word was presented first, in the fixation (r = '.38,' 
.01), and given ihat it was presented second in the fixation (r = .30, i < 
.01). The more predictable a word was, the more likely the word was tp be.* 

reported, regardless of whether that word was the firs| or second word ^ 

J- 

presentecj. In the control condition, there waS a smaller correlation between 
the predictability of a word and the" percenlage of responses where the word 
was correctly identified as the only one that appeared in. the text*(ii sM9, £ 
<- .01). In contrast, the predictability of a word did not correlate (t s ,00) 
With the pejcjcentage of responses inhere both words were chosen in the 
experimental condition. . ^ ^ 

A .variable which did correlate significantly with the 'percentage of 
both-word responses was thei^isual similarity of the critical letter pair. 
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The measure of similarity 'was taken from Zola (1982, Table 3.2 , 113) • 
Zola, using the same equipment and type font ^s in this study, presente^ 
subjects with pairs of lower case letters and had them respond «same«. or 
"different." The median latencies for a respbnse of "different^ -was used as a 
measure of /isuai similarity for tba critical letter pairs used here.; The 
correlation between similarity an4 both-word respons,es was negative (t = -.3^, 
< .01) indicating that tiie more dissimilar tlfe two critlq?! words, the more 
likely it was that both word^ were reported. When letters were visually 
dissimilar, the dfsplay change may have, b^en more noticeaMe and subjects • 
attention may have tended ^o be attracted to the change, causing then to stfe 
both words more often. Alternatively, it may be that when the visual system 
receives discrepa'nt information about a word, it tends to construct a single;, 
unif^ percept when the discrepancy is fiunall, such as when the. critical 
letters are highly similar, but when, the discrepancy is large, a unified 
percept cannot be formed, n30 the subject becomes aware Of the presence of two 
words during the fixation. 

^ ^ffeota O P Rye Movements 

< ^^^^ ^ ^ 

First, the' effects of briefly masking the text^ independent of the 

^ switching letter manipulation, were determined by comparing the no-mas1c 

"control condi6ion to the no-switch control condition. Summary .statistics for 

mask and- no-masic data are^presented in Table 1. Tiikiijg all fixation durations 

• les5 tbari one second, the mean f or -dshe masked control condition is 20 maexs 

• * * - - 

'onger than the mean for the no-mask condition (Jfe. (10875) = 9^01, JL < .001). 

~. ^ . ■ . - 

Readers also made shorter sacc^des and* more fixations in the masked condition. 
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but there was no difference In the percentage or length of regressive 
saccades*^ 



Insert Table 1 about here 



Next, to determine the effect which the switching of the critical letter 
had on fixation durations, Independent of the effects of the mask, the 
experimental condition was compared to the no-swltch control condition.^ The 
fixation duration data were selected In four different ways. Prior to the 
selection process, fixations were excluded from the data set If they occurred 
during a disturbance In eyetracklng, had durations longer than orie second, 
were preceded by a regressive saccade, or were rereads, which are fixations 
preceded by a forward saccade but occurring when the eye has already fixated 
farther to the right on the current line. First, fixations whloh were the 
only fixation on the critical word were selected for analysis. This will be 
re^rred to as the alngle fixation jiata. These fixations are the most likely 
to have bee^ the fixations on which the critical word was acquired (McConkie 
et al., 1982). However, because this selection procedure produced a small 
d9^a set, a^more liberal criterion was also used. ^ This involved selecting 
fixations which were the first fixation on the critical wor^dL first 
fixation could be the only fixation on the word or there co|ld. be several 
reflxatlons ^f the word after the first fixation. The jlcgt fixation iiata. 
contains fliofe fixations on which information from the crj/tical word was 
acquired, but it also may contain a larger percentage of fixations on which 
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the critical word was not acquired. Next, those fixations which immediately 
preceded fixations defined as the first fixation were selected for analysis. 
This will be referred to as the prlp'' fixation data. And finally, those 
fixations which immediately followed first fixations, whether they were on the ' 
critical word or not, were selected for analysis. This will be referred to as 
the fon owing fixation data . Most fixations on which the critical word was 
acquired should have been included in one of these last three categories. 
Analyses of variance were done on means calculated from the raw data for each 
cell in a matrix defined by the crossing of all factors with the subject 
factor, in order to alleviate problems with the unbalanced design and to 
equalize each subject's contribution to the data. 



-Insert Table 2 about here 



The mean fixation durations in the experimental and no-switch control 
conditions for each of the four data sets are presented in Table 2. A 
repeated measures analysis ^of variance was performed on fixation durations for 
each of these data sets. The factors were Condition, Mask Onset Time, and 
Critical Letter Position (first or fourth letter). Although there was no 
switching letter in the no-switch control, the data can be classified on this 
factor since the single word that was present belonged to a group differing in 
either the first or fourth letter. Mean fixation durations were longer in the 
experimental condition than in the control for the first fixations (£ (1,15) = 
7.05, .02), and the single fixations (£ (t,15) = 16.89,- Ji~ 0). The 
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following fixation data showed the same pattern, but did not reach 
significance (£ (1,15) = 1.56, Sl = .23) . The prior .fixation data showed the 
opposite effect, with the experimental conditions being shorter than the 
control (£ (1,15) = 7.51, J2. = .02), It may be that the switching letter is 
sometimes noticed in the periphery on fixations prior to the fixation on which 
the word is identified. The perceived movement may cause attent.fon to be 
drawn to the critical word, so the prior fixation is terminated early and the 
next fixation is sent to the critical word. Further research is needed to 
investigate this phenomenon* 

The only other significant effect was the Condition X Mask Onset Time 
interaction in the analysis of single fixations, £ (2,30) = 3.56, SL = .04* 
This suggests a differential effect of mask onset in the. experimental and 
control conditions, but the data, pattern do not suggest any cl ear 
interpretation. 

The frequency of regressive saccades in the two conditions was also 
examined. The percentagie of regressive saccades initiated^ within> 5 character 
positions to the left or right of the critical letter position is 21J in the 
no-switch control condition and. 30J in the experimental condition. Also, 
fixations following regressive eye movements are 23 msec longer in the 
experimental conditions than similar fixations in the control conditions, a 
significant difference (£ (1,15) = 8.85, = -01). 

In summary, the presence of a inask inflated fixation durations by 20 
msec, and the occurrence of a letter change increased the durations of the 
fixations on which the words were perceived by another 23 msec. The duration 
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Of the prior fixation was reduced by 11 msec. 

Eye Movement Effenfea Associated with Tvoe of Response 

The fixation duration data for the experimental condition were classified 
according to the type of response made to the corresponding test items. The 
means for the prior, first, following, and single fixation data are presented 
in Table 3 along with the means -for all responses in the no-swttch control 
condition. These means were compared to means for the experimental data 
grouped into two response qategories: reporting only one word and reporting 
both words. A* one-way repeated measures analysis of variance was done on the 
raw data with this three level Type of Response factor. The mean fixation 
durations foe- the single-word, both-word, and control (all response types) 
groups were not significantly different in the prior fixation data, £ (2,28) = 
i,7^» i = .19i or in the following fixation data, £ (2,28) s 0.85, i * .44. 
The means were significantly different in the first fixation data, £ (2,28) « 
71.40, JL ~ 0, and in the single fixation data, £ (3,45) = 7.18, i 0. 
Multiple comparisons for each possible pair of means were performed using the 
Bbnferroni 1 statistic. For the analysis of first fixations, the critical 
vijdue of i was 2.55 using a .05 levels of significance (two- tailed). The 
both-word mean was significantly different from the control mean and the 
t single-word mean, but the control and single-word means, however, were not 

significantly different. For the single fixation data, the critical value of 
iwas 2.76, using the .05 level, and the pattern of significance of the 
Cairwise contrasts was identical to the pattern in the first fixation data. 
It appears that the inflation of fixation duration caused by the switching 
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letter manipulation is limited to cases where the subject reported seeing both 
critical words. This suggests that there, may be no disruptive effects of the 
switching letter when only one word is perceived* 



Insert Table 3 about here 



An analysis was also done with the single-word response category 
separated into first-word-only and second-word-only responses, i.e. a four 
level Type of Response factor. The means for the first-word-only and second- 
word-only responses in the first and single fixation data are presented in 
Table 4. The first-word-only mean is shorter than the control mean (refer to 
Table 3), whereas the second-word-only mean shows a substantial inflation 
relative to the control, comparable to the inflation in the both-word mean. 
In the pairwise contrasts, done in the same way as above, the aecond-word-only 
mean was significantly different from the control, in both the first and 
single fixation data, while the first-word-bnly mean was not significantly 
different. This difference between the first-word-only and seoond-word-only 
means is expected because of selection effects. On shorter fixations, the 
.first word is likely to be present for the most time,, and on longer fixations, 
the second word is likely to be present for the most time. Since the longer a 
word is present, the more likely it is to be reported, this means that 
partitioning fixations on the basis of which word was seen will result in a 
fixation duration difference of the type observed. 
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Insert Table 4 about here 



' niMGuaaion 

The results are cqnsistent with the variable crucial period. hypothesis. 
Subject^ of ten reported a single word, suggesting that they were Utilizing 
information that was available at some specific time during the fixation. 
Subjects did not consi;}tently report seeing the first or the second word, 
suggesting that this crucial period occurs at different times during different 
fixations. Further evidence for this hypothesis is found in the fixation 
duration data: when subjects reported seeing a single word, the durations of 
their fixations were similar to those of the control group, providing no 
evidence of a disruptive influence resulting from having two words present on 
a single fixation. There do not appear to be effects on fixation duration 
which could be ascribed to unconscious recognition of the unreported word. 
This is quite different from the case where subjects reported seeing both 
words. When that happened, the fixation durations were increased 
■substantially, suggesting a disruption of the normal reading process. 
^ Perceiving two words during a fixation clearly had different consequences on 
reading than did perceiving only one, which was apparently the more frequent 
case. 

f 

The variable crucial period hypothesis can also account for the finding 
that the longer a word is present on the screen the more likely it is to be 
reported. Since utilization is assumed, to take place at some specific t^me 
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during the fixation, the likelihood that a given word will be present at that 
time varies directly with the length of time that the word is present. In 
asking why it is that a given -word is utilized at one time rather than another 
during the fixation, it seems likely that this is based on language 
processing^ The informatipn provided by a word is brought into play in the 
ongoing reading process when it is needed to advance the comprehension of the 
text. 

There are also several ways in which the variable crucial period 
hypothesis can account for cases where both words were reported. First, it 
may be that on occasions a word was attended at two different times during a 
fixation. Second, it may be that sometimes a vord was attended during the 
period in which the display change took place, so both words were seen. 
Finally, the mask might have failed spme times to direct attention away from 
the critical letter position, allowing the changing letter to be detected on 
the basis of localized movement. 

The results provided no evidence for a left-to-right sequence in 
utilizing different parti of the text or for the initial letter of a word 
being acquired prior to other letters. A left-to-right serial scan of 
letters, syllables, or letter g|||^8 predicted th^t the likelihood of 
reporting the first and second word should differ with the position of the 
fixation relative to the critical letter. Instead, the likelihood of report 
was the same across fixation position. The hypothesis that inltSfcl letters of 
words are utilized first predicted that the trend in reporting single words 
across mask onset time would differ depending on whether the first or the 
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fourth letter was being ohanied. No such difference was found. 

Another factor that influenced the likelihood of reporting a word was its 
contextual predictability. Predictability could have its influence at 

f 

perception or during the process of making a response. For several reasons, 
it seems, likely that the influence of predictability in the- experimental 
condition is not completely explainable by response processes. Subjects might 
have chosea the more predictable words from the critical word pairs shown at 
test because the more predictable words had a stronger connection to the text. 
If a guessing bias such as this had occurred, it should have equally effected 
the responses in the no-switch control and experimental conditibns. However, 
the magnitude of the correlation was smaller in the control condition, 
suggesting that, although response effects may be completely responsible for 
'the influence of predictaoility in the control condition, a combination of 
perceptual and response effects are responsible for the influence of 
predictability iff the experimental condition. It could also be argued that 
subjects were deliberately choosing one word in the experimental condition 
beicause of demand characteristics in the experiment, that is, they might have 
deliberately chosen the more predictable word, even though they actually saw 
two words. Although, if this were the case, a higher correlation would be 
expected in the experimental pondition, the demand characteristics explanation 
is inadequate for other reasons. Subjects were completely informed of* the 
manipulation, and were told that they could report both words.- And, in fact, 
' on a third of all the responses, subjects reported seeing both words, and each 
subject did report both words sometimes. If demand characteristics were at 
all a factor, they could not have been very important. 
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Predictability, therefore, seems to be influencing which critical word is 
utilized in the experimental condition. One |/ay in which this might occur is 
through predictability speeding the perception of words (Tulving & Gold, 
1963). Morton (1969), for instance, suggests that -the activation level of 
logogens for more predictable words are raised, so that the threshold for 
perception of the word is reached more quickly by the additional activity, 
resulting from the visual, pattern of the word. If this were the basis for the 
predictability effect observed here, then the correlation between the 
predictability of a word and its being rep<^ted should be particularly high 
for the initial words when presented for oiply 50 msec. Thl^ correlation 
should drop when the initial word is present for longer periods of time, 
because at the longer times low predictability words should be perceivfed as 
well as high predictability words. An examination of these correlations shows 
exactly the opposite pattern. The correlation between predictability and the 
percent of time the" initial word is reported is .02 when it is present for 50 
msec, .28 (i < .01) when present for 80 m^sec, and .39 Oi < .01) for 120 msec. 
Thus, the' data do not support the, hypothesis,' and are counter to what would be 
expected from the logogen model.' If predictability is influencing ^perception, 
it must be doing so in some manner other, than by determining the speed of 
perception. 

The effect of predictability can be explained within the frameworks of an 
interactive theory of reading (Rumelhart, 1977) or theories ihvolving 
production systems (e.g. Just 4 Carpenter, 1980)-. These theories share a 
common feature: higher level processing essential to the comprehension of the 
text responds not only to the presence of encodings driven by visual input, 
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but also to other information available from previously read text, and to 
prior knowledge about language regularities,' characteristics of texts,' and 
characteristics of the world. At the moment when such higher level processing 
occurs an information configuration exists which includes both visually 
provided elements and elements from previous knowledge. These, theories which 
assume that a certain source of inf9rm9^on is brought into play only^ at a 
certain time, with that time dependent upon other aspects of the cognitive 
configuration, also include an implicit assumption of the variable crucial 
period hypothesis. Perhaps it would be more appropriate, in these cases, to 
speak of such theories as including the assumption of a YarlablO Ut i l i zat i on 
Time Py'ineiple ; that is, information is used at a specific time which is 
determined, in part, by factors other than the presence of that information. 

Theories which include the assumptions described above can account for 
both the effect of predictability and the evidence for a variable crucial 
period in the following way. At the beginning of a fixation one word becomes 
present to "^he system.. Partway through the fixation there is a mask, which is 
not assumed to erase the previously presented pattern, but only to overlay it 
wfth an additional configuration (cf. Eriksen & Schultz, 1978). Thirty msec 
later a third pattern appears, the 9ame. as the first but with one letter 
changed. Again this adds to the v-^sual configuration present. The presence 
of two words in ihe same location is likely to result in a stimulus 
configuration which may not be completely determinate. Depending on when the 
crucial period occurs, that is, when the information from that word position 
is brought into play in higher levels of processing, the visual information 
may clearly specify one word or may provide conflicting Information. If the 
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crucial period occurs early ia^he fixation, before the second word has 
appeared, the visual configuration will be completely deJtermii»te for the 
first word. Late in the fixation, when the second word i» present, 
information from the first pattern has faded, making the visual configuraUon 
determinate for the second word. If the crucial period occurs soon after the 
mask and the onset of the second word, the visual conf igurationr will include 
conflicting information from the first and sewnd words. With conflicting 
Information, either of two things might happen. If the two patterns are quite 
discrepant, the reader may become aware of two words. Where the two patterns 
are less discrepant, the decision concerning the word present may be strongly 
influenced by non-visual information sources, given the fact that the visually 
provided information is less determinate than usual. In this situation, 
language constraints' and contextual factors play a greater than normal role in 
determining which word is perceived, thus producing the observed effect of 
predictability. Obviously, for this explanation to hold, we must assume that 

the added processing time required in selecting a reading for a word, when 

ft 

this reading is more heavily determined by contextual factors than is normally 
the case, must be minimal. Otherwise, we would expect to see effects on the 
fixation durations which in fact were not found. 

This study suggests two theoretical constructs that should be Included in 
theories of reading. The first is the Variable Utilization Time Principle, as 
a basic principle in the use of visual information during reading. Second is 
the assumption that the processes involved in reading can be divided into two 
sets ; those that are driven directly by the stimulus configuration on the 
retina^ and those that are involved in the comprehension of the lan^age. The 
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first set provides a represfentation, at some presently unknown level, of the 
visually provided information, and the second can be influenced by that 
information. However, the time of this influence is not determined by when 
• the visually provided informjation becomes available. 

There are situations outside the domain of normal reading in which the 
second set of processes are set to respond to the visual information as soon 
as it becomes available. Identifying words from tachistoscopic presentation 

f 

would be a prime example of this. If no- contextual constraint is provided, no 
action can be taken toward accomplishing the task until the visual information 
becomes available. Cognitive processes in such tasks can bo ^thought of as 
being driven rather, directly by the visual stimulus, and their timing 
characteristics can be measured with respect to the onset of. that stimulus. 
In more complex tasks like reading, however, higher-level cognitive activities 
are on-going, and the time of utilization of the visually provided information » 
depends on when the system is in an appropriate state to respond to it. This 
suggests that it is inappropriate to think of a fixation in reading as 
analogous to a tachistoscopic presentation, as has been so common in reading 
research. It also clarifies the relation between tachistoscopic research and 
reading research. There are undoubtedly certain processing characteristics 
that are common to a person's response to a tachistoscopic presentation, and 
to a fixation made during reading. The characteristics in common will, be 
those that are automaticSally produced in response to retinal stimulation, 
those by which visual information is provided t9 the system. However, at the 
present time we do not know how far this automatic processing proceeds ^ • 
Whether it results in the latent arousal of word meanings, or only in the ^ 
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.arousal of some letter or word level cbdes, must be a matter for future 
research.' Finding the answer to this question Hill help us to knew what 
aspects bf the vast literature of tachistoscopic research using letters and 
words is likely to be applicable to understanding the nature of the processing 
taking place during a fixation in reading. 
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Table 1 

Sunrpiary Statistics for All Eye Movement Data 
in the Control Conditions 



Fixation Duration 


Median Forward Median Regressive 
Saccade Length Saccade Length 


Percentage of 
Regressive 
Sac cades 


Average Number 
of Fixations 
per Line 


N Mean S.D. 




No-mask Control 




> 


6568 245 113 


8 ' 5 


23 




No-switch Control . 


4309 265 120 


7 5 


22 


11 



Note . Fixation durations are given in milliseconds. Saccade lengths are given in 

number of character positions; A character positions - 1 degree of visual angle. 
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Table 2 

Summary Statistics for Fixation Durations 

Condition 



No- Switch Control Experimental 
N Mean S.D. N Mean S.D. 



Prior Fixation Data 


341 


263 


89 


968 


252 


81 


First Fixation Data 


358 


282 


86 


1035 


296 


117 


Following Fixation Data 


289 


268 


91 


826 


279 


113 


Single Fixation Data 


221 


287 


78 


498 


310 


114 
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Table 3 . J 


V 























Average Durations 


of Fixations In the Region of the 












Critical Word Classified by Condition and by Type 












of Response on the Test 












Condition and Type of Response 


Prior First 
F Ixa t ion F ixa t Ion 


Following 
Fixation 


Single 
Fixation 


ft 






Nq-swltch Control 

Mean 
S.D. 
N 


263 ' 282^ 
89 86 

(341) . (358) 


268 
91 

(289) ^ 


287^ 
78 

(221) 






■ 


Experimental 






• 








Mean 

Single Word S.D. 

N 


254 291^ 

81 * 108 

(619) (673) 


280 
110 

(538) 


303^ 
102 

(371) 








Mean 

Both Words S.D. 

H 


250 313^^ 
83 132 

(320) (330) 


276 
121 

(261) 


337^^ 
150 

(107) 




% 




Note. Means In a column which have 


a superscript letter In common are significantly 




• 






different (£ < .05). 
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Table 4 

Average Duratiopn of Fixations on the Critical Word 
for Single Word' Responses in the 
Experimental Condition 



Type of Response 



First 
Fixation 



Single* 
Fixation 



Mean 

First Word Only S,D. 

^ N 



259 
86 

(294) 



269 
(156) 



Mean 

Secon^ Wdrd Only* S.D. 



315* 
117 

(379) 



327* 
106 

(215) 



N 



* Significantly different form the mean for the no-switch control 
condition (£ < .05 ). 
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Figure Captions 

Figure 1. Example of the sequence of displays- given to the subject In 
the experimental condition. 

Figure 2. The frequency of reporting one or both of the critical words 
at teat in the 50, 80, and 120 msec mask onset times of the experimental and 
no-switch control conditions. ' 

Figure 3. The percentage of responses on which only the first or second 
presented word was chosen when the fixations are centered to the left).. or right 
of the critical letter position. Eyeposition values indicate the number of 
character positions away from the critical letter position, where negative 
values are to the left, of the critical letter. 

v.. 

Figure l». The frequency of reporting one or both of the critical words 
at test in the 50, 80, and 120 msec mask onset times of the experimental 
condition when the critjLcal letter is the first or fourth letter of the 
critical word. 

Figure 5. Probability of reporting one or both of the critical words at 
test for 30 msec intervals of the^ration of the second word during fixations 
which were the only fixations on the critical word in the experimental 
condition. 
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Elapsed Time 
(msec. y 

Cbndltion' 
1 2 3 



Display 



0 0 0 
50 80 120 
80 110 150 



The underground caverns yiere meant to house hidden tombs, but -then the 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX^XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
The underground caverns were meant to house hidden botnbs, but then the 
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200 - 




160 - 


1 120 - 






U. 


80 - 




40 - 



'8. 



50 80 120 
First word 



50 - 80 120 
Second word 
EXPERIMENTAL CONDITION 



50 80 ' 120 
Both words 



200 H 

I 160 

§ 120 
a 

it 80 
40 



50 80 120 
Correct word 



50 80 120 
Incorrect word 



SO 80 120 

Both words 



CONTROL CONDITION 
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100- 

^ 80- 
c 

60- 
"- 40- 



20 - 



50 80 120 50 80 12Q 50 80 120 ^ 

First word Second word Both words 

FIRST LETTER SWITCHING 





100- 




80- 


o 




c 

Q) 


60- 


=) 




cr 




2 


40- 


u. 






20- 



50 80 120 
First word - 



50 80 120 
Second word 

FOURTH LETTER SWITCHING 



50 80 120 
Both words 
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first word 




Duration of Second Word 



